Single crystals of SrsSb3 in the orthorhombic form (~-YbsSb3 structure type) were obtained as a minor product of a reaction of the elements and Mn in a welded Nb container. To date only the hexagonal form (MnsSi3 structure type) of SrsSb3 has been reported. The orthorhombic phase of SrsSb3 has
consistent with Laue group 6[mmm. On the basis of systematic absences (hhl, l = odd), three space groups were allowed, of which two were noncentrosymmetric (P63mc and P62c) and one was centrosymmetric (P63/mmc). Since the structure of lithium perchlorate trihydrate had been assigned in P63mc (Chomnilpan et al., 1977 , and earlier references cited therein), P63mc (No. 186) was given initial preference; since refinement proceeded well it was adopted. Subsequent attempts to refine a structure in the potential alternative space groups were not successful. The TEXSAN (Molecular Structure Corporation, 1989 ) structure analysis package was used to generate a Patterson map from which the initial Br position was assigned. Difference Fourier methods were then used to locate the remaining atoms. The non-H atoms, all of which were assigned at special positions, were refined anisotropically, the H atom isotropically, using full-matrix least squares. An extinction coefficient (Zachariasen, 1963 (Zachariasen, , 1968 was included in the least-squares refinement; the maximum effect of extinction was 27.4% of Fo for 002. Following the extinction correction, 13 reflections had AF[trF greater than 5.0. The enantiomorphic structure was rejected since its agreement was inferior (R = 0.061 and wR --0.083).
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Abstract
The structure of the title compound consists of columns of Ca ions surrounded by four columns of perbromate ions and four columns of water molecules alternating in pairs. The CaO8 complex was found to be dimensionally similar to corresponding complexes in other simple tetrahydrated calcium salts. The eight coordinating O atoms form a polyhedron which departs only slightly from a (distorted) square antiprism. Each of the crystallographically inequivalent perbromate ions was found to conform to rigid-body behavior while the CaO8 complex did not.
Although the perbromate ions depart moderately from regular tetrahedral geometry, the mean Br--O bond length agrees well with previously determined values. Hydrogen bonds in this structure involve water-oxygen acceptors as well as perbromate-oxygen acceptors.
Comment
This structural study of [Ca(H20)4](BrO4)2 is one of a series of such studies of simple salts of perbromic acid. Refinement of the H atoms to permit a detailed description of the hydrogen bonding was a matter of particular interest. This is the first report on the structure of tetraaquacalcium perbromate.
Final atomic coordinates and isotropic and equivalent isotropic displacement parameters and their e.s.d.'s are given in Table 1 . A unit cell is shown in Fig. 1 .
In this structure, Ca is coordinated by four water O atoms at a mean distance of 2.37 (3)A and by four anion O atoms at the slightly greater mean distance of 2.57 (4)A, the overall mean distance being 2.47 (10)A ( Table 2 ). The same pattern of distances is exhibited by Ca in other simple hydrated salts, for example, in [Ca(H2Oh](NO3)2, for which the corresponding distances are 2.44 (1), 2.52 (3) and 2.48(5)A (Leclaire & Monier, 1977) , and in [Ca(H20)a]Cd(NO2)4, for which the correspondinlg distances are 2.41(1), 2.58(1) and 2.49(9)A (Aoyama, Ohba & Saito, 1988) . In the title salt, the eight coordinating O atoms form a polyhedron which departs only slightly from a (distorted) square G G Fig. 1 . A stereoview of a unit cell of tetraaquacalcium perbromate drawn using ORTEPII (Johnson, 1976) . Displacement ellipsoids are drawn for 50% probability for all atoms except H, for which they have been set artificially small. The eight most significant hydrogen bonds are shown as dashed lines, the calcium ions as filled symbols.
antiprism: the dihedral angles between faces defined by vertices O(3), O(4), O(11 iii) and O(3), O(4), 0(23) and between the faces defined by vertices O(1), O(2), O(14 iv) and O(1), O(2), O(22 ii) are approximately 11
and 15 °, respectively; if these angles were 0 °, the figure would be a (distorted) square antiprism.
There are no symmetry constraints on either of the two perbromate ions, which depart somewhat from regular tetrahedral geometry with respect to both distances and angles. For anion (I), the mean observed bond distance is 1.605 (3) A (1.622 A rigidbody corrected) and the mean angle is 109.5 (1.2) ° , while for anion (II), the corresponding values are 1.608(7)A. (1.624/~ rigid-body corrected) and 109.5(0.9) °. Thus, while one ion shows a greater dispersion of distances, the other shows a greater x y z Btso/Boa 
69.49 (10) 108.84 (13) Mean for ion (II) 1.608 (7) 1.624 O(23)----Br(2)--O(24) 109.12 (14) Overall ion mean 1.607 (7) 1.623 3.o44 (4) 3.020 (4) 3.054 (4) 3.054 (4)t 2.792 (4) 2.794 (4) 2.838 (4) 3.033 (4) 2.804 (4) 3.103 (4) (4) Solid reagent-grade calcium hydroxide (Jenneile Chemical Company, Cincinnati, Ohio) was reacted with a slight excess of approximately 0.7 M perbromic acid prepared using a modification of Appelman's (1972) procedure. The resulting solution was evaporated at room temperature to produce crystalline tetraaquacalcium perbromate; the experimental sample grew upon further evaporation of the saturated mother liquor decanted from the initial growth. The sample was mounted with epoxy cement and was coated with Apiezon L grease to retard potential loss or gain of water. Data were collected using scan widths of (1.55 + 0.35tan0) ° in w, and a background/scan time ratio of 0.5. No decay correction was applied but the data were corrected for Lorentz-polarization effects and for absorption. For the latter, ~b-scan data were obtained just prior to the conclusion of intensity-data collection; the correction method was that of North, Phillips & Mathews (1968) .
Water molecules
The crystal system was found to be triclinic. The initial spacegroup choice P1 (No. 2) was confirmed by structure refinement. The direct-methods program SHELXS86 (Sheldrick, 1985) in the TEXSAN structure analysis package (Molecular Structure Corporation, 1989) was used to generate an E map from which the initial positions of the Ca atom and the two Br atoms were assigned. Subsequently, difference Fourier maps provided initial positions of the remaining 20 atoms. The non-H atoms were refined anisotropically, the H atoms isotropically, using full-matrix least squares. An extinction coefficient (Zachariasen, 1963 (Zachariasen, , 1968 was included in the least-squares refinement; the maximum effect of extinction was 5.5 % of Fo for 110.
As analyzed by the program THMAll (1986) based on the work of Schomaker & Trueblood (1968) , the polyhedron did not conform to rigid-body behavior, but the average magnitudes of the differences in the mean-square displacement amplitudes along the interatomic vectors for the ten unique atom pairs of the Br(1) and the Br(2) perbromate ions were both 17 (18) x 10 -4 A,. Thus, the Hirshfeld (1976) rigid-bond test, extended as described by Rosenfield, Trueblood & Dunitz (1978) , is satisfied by both anions and corrections for the rigid-body motion have been made (Table 2 ).
In the water molecules, the O--H bond lengths ranged from 0.57 to 1.00,4,. The molecular H--O--H angles were held fixed at the X-ray determined values; the O--H distances were adjusted to the mean values as determined by neutron diffraction for the appropriate hydrate class (Chiari & Ferraris, 1982; Ferraris & Franchini-Angela, 1972) . O(1) and O (3) were assigned to hydrate class H, for which the mean O--H distance is 0.972 A; 0(2) and O (4) were assigned to class D, for which the mean distance is 0.956 ,/k. The neutron-adjusted distances involving the water H atoms and O acceptors are taken to be the hydrogenbond lengths (Table 3) . tial support of this research through the purchase of the diffractometer system by an NIH grant is also gratefully acknowledged.
